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Abstract
We study the multifield inflationary models where the cosmological perturbation is sourced by light scalar
fields other than the inflaton. We exploit the operator product expansion and partly the symmetries
present during the de Sitter epoch to characterize the non-Gaussian four-point correlator in the squeezed
limit. We point out that the contribution to it from the intrinsic non-Gaussianity of the light fields at
horizon crossing can be larger than the usually studied contribution arising on superhorizon scales and
it comes with a different shape. Our findings indicate that particular attention needs to be taken when
studying the effects of the primordial NG on real observables, such as the clustering of dark matter halos.
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1 Introduction
Primordial non-Gaussianity (NG) of the cosmological perturbations has become a crucial aspect of both
observational predictions of inflationary early universe models and of present and future observational
probes of the Cosmic Microwave Background (CMB) anisotropies and of the Large Scale Structure (LSS)
[1]. The main motivation is that detecting, or simply constraining, deviations from a Gaussian distribution
of the primordial fluctuations generated during an inflationary epoch [2] allows to discriminate among
different scenarios for the generation of the primordial perturbations. Indeed, a non-vanishing primordial
NG encodes a wealth of information allowing to break the degeneracy between models that, at the level
of the power spectra, might result to be indistinguishable. The degeneracy stems from the fact that
during a period of exponential acceleration with Hubble rate H all scalar fields with a mass smaller than
H are inevitably quantum-mechanically excited with a final superhorizon flat spectrum. The comoving
curvature perturbation, which provides the initial conditions for the CMB anisotropies and for the LSS of
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the universe, may be generated not only by the same scalar field driving inflation (the inflaton), but also
when the isocurvature perturbation, which is associated to the fluctuations of these light scalar fields,
is converted into curvature perturbation after (or at the end) of inflation [3–8]. One typical example is
provided by the so-called inhomogeneous decay rate scenario [6] where the field driving inflation (the
inflaton) decays perturbatively with a decay rate Γ. The reheating temperature Tr of the hot plasma
produced by the inflaton decay products is of the order of (MPlΓ)
1/2. If the decay rate depends on some
light fields which are fluctuating during inflation, then the corresponding large scale spatial variations of
the decay rate will induce a temperature anisotropy, δTr/Tr ∼ δΓ/Γ.
Distinguishing different shapes of the primordial three- (bispectrum) and four-point (trispectrum)
correlators, i.e. their dependence of the momentum wave-vectors in Fourier space, is of crucial impor-
tance. Different mechanisms to generate the inflationary perturbations give rise to unique signals with
specific shapes, which thus probe different aspects of the physics of the primordial universe. For example,
models in which the curvature perturbation is generated by an initial isocurvature perturbation develop
(some of the) non-linearities on superhorizon scales. The corresponding NG is of the local type, that
is the NG part of the primordial curvature perturbation is a local function of the Gaussian part. In
momentum space, the three-point function arising from such a local NG is dominated by the so-called
squeezed configuration, where one of the momenta is much smaller than the other two (k1  k2 ∼ k3).
The squeezed limit of NG is also particularly interesting from the observationally point of view because
it leads to pronounced effects on the clustering of dark matter halos and to strongly scale-dependent
bias [9]. It is impressive that a future detection of a high level of primordial NG in the squeezed configu-
ration will rule out all standard single-field models of inflation, where the same field drives inflation and
is responsible for the perturbations, since they all predict very tiny deviations from Gaussianity [10,11].
In Ref. [12] we have taken the first step in trying to characterize the three- and the four-point
inflationary correlators when the curvature perturbation is generated by scalar fields other than the
inflaton, the so-called multifield inflation (for the case in which there is only one degree of freedom, see
Refs. [13]). In particular, we have studied the implications of the symmetries present during a de Sitter
phase, that is scale invariance and special conformal symmetry. For instance, we have shown that, as
a consequence of the conformal symmetries, the two-point cross-correlation of the light fields vanish if
their conformal weights (essentially their masses in units of the Hubble rate) are different. Furthermore,
we have pointed out that the Operator Product Expansion (OPE) technique is very suitable to analyze
two interesting limits: the squeezed limit of the three-point correlator and the collapsed limit of the
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four-point correlator. Despite the fact that the conformal symmetry does not fix the shape of the four-
point correlators of the light NG fields, we have been able to compute it in the collapsed limit. As we
mentioned, both the resulting shapes are relevant from the observational point of view.
In this paper we take a step further and study which informations we can get on the squeezed limit
of the four-point correlator. This is an interesting question as the four-point function is not fixed by by
conformal invariance of the de Sitter stage. Once more, we will resort to the OPE technique in order to
learn what we can say about such a configuration of the four-point correlator.
One of the goals of these paper is to stress that the contribution to the trispectrum in the squeezed
limit coming from the NG of the light fields at horizon crossing have a different shape and the amplitude
can be larger than the trispectrum generated on superhorizon scales (which is there even if the light
fields are gaussian). This is somewhat contrary to the common belief spread in the literature whose large
majority has focused on the NG originated at superhorizon scales.
The paper is organized as follows. In section 2 we will present a summary of what we know about
the bispectrum and trispectrum of the light fields during inflation thanks to the symmetry properties of
de Sitter and the OPE technique. This section contains known material and the expert reader can jump
directly to sections 3 and 4 where we calculate the four-point correlator in the squeezed limit using various
arguments. Section 5 contains some quantitative estimates of the three- and four-point correlators from
the light NG fields; finally section 5 contains our conclusions.
2 Some general considerations about non-Gaussianities
We can characterize the cosmological perturbations through the δN formalism [14], where the comoving
curvature perturbation ζ on a uniform energy density hypersurface at time tf is, on sufficiently large
scales, equal to the perturbation in the time integral of the local expansion from an initial flat hypersurface
(t = t∗) to the final uniform energy density hypersurface. On sufficiently large scales, the local expansion
can be approximated quite well by the expansion of the unperturbed Friedmann universe. Hence the
curvature perturbation at time tf can be expressed in terms of the values of the relevant scalar fields
σI(t∗, ~x) at t∗
ζ(tf , ~x) = NIσ
I +
1
2!
NIJσ
IσJ +
1
3!
NIKJσ
IσJσK + · · · , (2.1)
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where NI , NIJ and NIJK are the first, second and third derivative, respectively, of the number of e-folds
N(tf , t∗, ~x) =
∫ tf
t∗
dtH(t, ~x) (2.2)
with respect to the field σI . From the expansion (2.1) one can read off the n-point correlators. For
instance, the three- and four-point correlators of the comoving curvature perturbation are given by
〈ζ~k1ζ~k2ζ~k3〉 = B
n−un
ζ (
~k1,~k2,~k3) +B
un
ζ (
~k1,~k2,~k3),
Bn−unζ (~k1,~k2,~k3) = NINJNKB
IJK
~k1~k2~k3
,
Bunζ (
~k1,~k2,~k3) = NINJKNL
(
P IK~k1
P JL~k2
+ 2 permutations
)
(2.3)
and
〈ζ~k1ζ~k2ζ~k3ζ~k4〉 = T
n−un
ζ (
~k1,~k2,~k3,~k4) + T
un
ζ (
~k1,~k2,~k3,~k4),
T n−unζ (~k1,~k2,~k3,~k4) = NINJNKNLT
IJKL
~k1~k2~k3~k4
+NIJNKNLNM
(
P IK~k1
BJLM~k12~k3~k4
+ 11 permutations
)
,
T unζ (
~k1,~k2,~k3,~k4) = NIJNKLNMNN
(
P IL~k12
P JM~k1
PKN~k3
+ 11 permutations
)
+ NIJKNLNMNN
(
P IL~k1
P JM~k2
PKN~k3
+ 3 permutations
)
. (2.4)
Here we have defined ~kij = (~ki + ~kj) and
〈σI~k1σ
J
~k2
〉 = (2pi)3δ(~k1 + ~k2)P IJ~k1 = (2pi)
3δ(~k1 + ~k2)δ
IJ
(
H2
2k31
)
k1=aH
,
〈σI~k1σ
J
~k2
σK~k3
〉 = (2pi)3δ(~k1 + ~k2 + ~k3)BIJK~k1~k2~k3 ,
〈σI~k1σ
J
~k2
σJ~k3
σL~k4
〉 = (2pi)3δ(~k1 + ~k2 + ~k3 + ~k4)T IJKL~k1~k2~k3~k4 . (2.5)
The three-point correlator (and similarly the four-point one) of the comoving curvature perturbation is
the sum of two pieces
• One, proportional to the connected three-point correlator of the σI fields, is present when the
fields σI are intrinsically NG at horizon crossing. We dub it (in a loose way) the non-universal
contribution.
• The second one, which we dub universal (some people come them gravitational), is generated when
the modes of the fluctuations are super-Hubble and is present even if the σI fields are gaussian.
Of course they depend on the mechanism for the conversion of the isocurvature modes into the
curvature modes.
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It is fair to say that most of the attention in the literature has been devoted to the universal contributions.
For instance, in the large majority of the literature on NG, the nonlinear parameters1
fNL =
5
12
〈ζ~k1ζ~k2ζ~k3〉′
P ζ~k1
P ζ~k2
, (squeezed : k1  k2 ∼ k3),
τNL =
1
4
〈ζ~k1ζ~k2ζ~k3ζ~k4〉′
P ζ~k1
P ζ~k3
P ζ~k12
, (collapsed : ~k12 ' 0),
2τNL +
54
25
gNL =
〈ζ~k1ζ~k2ζ~k3ζ~k4〉′
P ζ~k4
(
P ζ~k1
P ζ~k2
+ 2 permutations
) , (squeezed : k4  k1, k2, k3), (2.6)
are expressed as
funNL =
5
6
N INIJN
J
(NIN I)2
,
τunNL =
N INJIN
JKNK
(NIN I)3
,
gunNL =
25
54
N INJNKNIJK
(NIN I)3
, (2.7)
with no reference to the contribution to the non-universal terms. This might be due to the fact that the
non-universal contributions to the connected correlators generated if the light fields are NG depend on
the specific self-interactions of the light fields and in principle little was known about their magnitude
and shapes.
To show that neglecting the non-universal contributions might lead to non correct conclusions about
NG, let us consider the following simple example where the primordial density perturbations is produced
just after the end of inflation through the modulated decay scenario when the decay rate of the inflaton is
a function of some light field σ [6], that is Γ = Γ(σ). If we approximate the inflaton reheating by a sudden
decay, we may find an analytic estimate of the density perturbation. In the case of modulated reheating,
the decay occurs on a spatial hypersurface with variable local decay rate and hence local Hubble rate
H = Γ(σ). Before the inflaton decay, the oscillating inflaton field has a pressureless equation of state and
there is no density perturbation. The perturbed expansion reads
δNd = −1
3
ln
(
ρd
ρd
)
. (2.8)
1The prime denotes correlators without the (2pi)3δ(
∑
i
~ki) factors.
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Immediately after the decay we have radiation and hence the curvature perturbation reads
ζ = δNd +
1
4
ln
(
ρd
ρd
)
. (2.9)
Eliminating δNd and using the local Friedmann equation ρ ∼ H2, to determine the local density in terms
of the local decay rate Γ = Γ(σ), we have at the linear order
ζ = −1
6
ln
(
δΓ
Γ
)
. (2.10)
Taylor expanding this expression in powers of the fluctuation σ, one obtains
funNL = 5
(
1− Γ
′′Γ
Γ′2
)
,
gunNL =
25
54
N ′′′
N ′3
=
50
3
(
2− 3Γ
′′Γ
Γ′2
+
Γ′′′
Γ′3
)
. (2.11)
Now, suppose that the function Γ(σ) is of the exponential type, Γ(σ(~x, t)) ∼ eaσ(~x,t) with a constant.
This is a rather natural possibility if, for instance, the light field is a string modulus setting the amplitude
of some coupling constant. If so, one immediately concludes that all the universal contributions to the
NG vanish, funNL = τ
un
NL = g
un
NL = · · · = 0. This holds to any order in perturbation theory as the relation
between the comoving curvature perturbation ζ and the light fluctuation σ is linear: ζ ∼ ln (δΓ/Γ) ∼ σ
from Eq. (2.10). Alternatively, suppose that the function Γ(σ) gets its dependence on the light field from
some Yukawa-type interaction with Yukawa coupling Y = Y0(1 + σ/2M), with M some high mass scale.
If so, Γ(h) ' Γ0(1 + σ/2M)2 and we obtain negligible NG, funNL = 5/2 and gunNL = 25/3, being the current
bounds fNL <∼ 102 [15] and gNL <∼ 106 [16].
These simple examples indicate that, at least a priori, one may not disregard the non-universal
contributions unless there is a convincing argument that they are subleading. In fact, it was pointed out
long ago that the non-universal contributions may be of the same order of magnitude as the universal
ones [17–20].
From now on we will therefore devote our attention to non-universal contributions to NG in order to
characterize them. Let us therefore go back to such contributions and briefly summarize what we know
about them.
2.1 Non-Gaussianities and the conformal symmetries of de Sitter
Some progress has been made recently on the knowledge of the NG carried by the light fields during
the de Sitter stage [12,21,22]. Even though the intrinsically NG contributions to the n-point correlators
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of the light fields are model-dependent, their forms in some specific configurations are dictated by the
conformal symmetry of the de Sitter stage. Let us recall some of the properties of the conformal symmetry
in de Sitter. For a more complete description the reader is referred to Ref. [12]. Conformal invariance
in three-dimensional space R3 is connected to the symmetry under the group SO(1, 4) in the same way
conformal invariance in a four-dimensional Minkowski spacetime is connected to the SO(2, 4) group. As
SO(1, 4) is the isometry group of de Sitter spacetime, a conformal phase during which fluctuations were
generated could be a de Sitter stage. In such a case, the kinematics is specified by the embedding of
R3 as flat sections in de Sitter spacetime. The de Sitter isometry group acts as conformal group on R3
when the fluctuations are super-Hubble. It is in this regime that the SO(1, 4) isometry of the de Sitter
background is realized as conformal symmetry of the flat R3 sections. Correlators are expected to be
constrained by conformal invariance. All these reasonings apply in the case in which the cosmological
perturbations are generated by light scalar fields other than the inflaton. Indeed, it is only in such a case
that correlators inherit all the isometries of de Sitter. First, let us remind how the conformal group acts
on super-Hubble scales. The set of transformations is given by
x′i = ai +M
j
i xj , (2.12)
x′i = λxi, (2.13)
x′i =
xi + bix
2
1 + 2bixi + b2x2
(2.14)
on Euclidean R3 with coordinates xi. These transformations correspond to translations and rotations
(generated by Pi, Lij), dilations (generated by D) and special conformal transformations (generated by
Ki), respectively, acting now on the constant time hypersurfaces of de Sitter spacetime. It should be
noted that special conformal transformations can be written in terms of inversion
xi → x′i =
xi
x2
(2.15)
as (inversion)×(translation)×(inversion). Under conformal transformations, the two-point function of
fields σI and σJ of conformal dimensions ∆I and ∆J respectively, transforms as
〈σI(~x1)σJ(~x2)〉 →
∣∣∣∂x′i
∂xj
∣∣∣∆I/3
x=x1
∣∣∣∂x′i
∂xj
∣∣∣∆J/3
x=x2
〈σI(~x′1)σJ(~x′2)〉 (2.16)
where |∂x′i/∂xj | is the Jacobian of the transformation. For the space inversion (2.15), the two-point
function, the form of which is forced by scale invariance, transforms as
〈σI(~x1)σJ(~x2)〉 → (x1x2)
∆I+∆J
x2∆I1 x
2∆J
2
〈σI(~x1)σJ(~x2)〉, (2.17)
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where for ~x′ = ~x/x2 we have used that∣∣∣∣∂x′i∂xj
∣∣∣∣ = 1x6 , xij → xijx2ix2j , (2.18)
and the notation xij = |~xi − ~xj |. Thus, space inversion leaves the two point function invariant if
∆I = ∆J . (2.19)
Similarly, the three-point function transforms as
〈σI(~x1)σJ(~x2)σK(~x3)〉 →
∣∣∣∣∂x′i∂xj
∣∣∣∣∆I/3
x=x1
∣∣∣∣∂x′i∂xj
∣∣∣∣∆J/3
x=x1
∣∣∣∣∂x′i∂xj
∣∣∣∣∆K/3
x=x1
〈σI(~x′1)σJ(~x′2)σK(~x′3)〉 (2.20)
and using (2.18), we get that the three-point correlator is invariant if
wK = ∆I + ∆J −∆K , wI = ∆J + ∆K −∆I , wJ = ∆I + ∆K −∆J . (2.21)
As a result, two- and three-point function are conformal invariant if they have the form
〈σI(~x1)σJ(~x2)〉 =
{
cIJ
|~x1−~x2|2∆I ∆I = ∆J ,
0 ∆I 6= ∆J ,
(2.22)
〈σI(~x1)σJ(~x2)σK(~x3)〉 = cIJK|~x1 − ~x2|∆I+∆J−∆K |~x2 − ~x3|∆J+∆K−∆I |~x3 − ~x1|∆I+∆K−∆J , (2.23)
where again σI,J,K are operators of dimensions ∆I,J,K . In other words, enhancing the symmetry includ-
ing the special conformal symmetry has two consequences. First, the two-point functions are zero for
operators with different dimensions and, second, the three-point functions are completely specified by
special conformal transformations, i.e. by the full conformal symmetry. The four-point function on the
other hand is not fixed by by conformal invariance. However, as under special conformal symmetry we
have
x
′2
12 =
x212∣∣∣~b+ ~x1∣∣∣2 ∣∣∣~b+ ~x2∣∣∣2 , (2.24)
the four-point correlation can be only a function of the cross-ratios (xijxkm/xikxjm). The four-point
correlator is therefore of the form
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = F IJKL
(
x12x34
x13x24
,
x14x23
x13x24
)∏
i<j
x
∆/3−∆I−∆J
ij (2.25)
with ∆ =
∑
I ∆I . The four-point function is restricted but not fully specified by conformal invariance to
be a function of the so-called anharmonic ratios. Therefore, one can conclude that [12,22]
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• As a consequence of special conformal symmetry the scale invariance during the de Sitter stage,
the two-point cross-correlation of the light fields vanish if their conformal weights are different.
Therefore, no assumption is needed on their cross-correlation, it is simply dictated by the conformal
symmetry [12]. This is the reason why we inserted a Kronecker delta function δIJ in the expression
(2.5).
• The form of the three-point correlator 〈σI~k1σ
J
~k2
σK~k3
〉 is fixed by conformal invariance of the de Sitter
stage and in the squeezed limit it contributes to the total three-point correlator of the comoving
curvature perturbation 〈ζ~k1ζ~k2ζ~k3〉 with the same shape of the universal contributions [12,22].
• While the form of the four-point correlator 〈σI~k1σ
J
~k2
σJ~k3
σL~k4
〉 is not fixed by the conformal symme-
tries of the de Sitter stage, in the collapsed limit it contributes to the total four-point correlator
〈ζ~k1ζ~k2ζ~k3ζ~k4〉 with the same shape of the universal contributions [12]: it can be expressed as a
product of power spectra.
In the rest of the paper we will characterize the non-universal contributions to the three- and four-point
correlators expanding the results of Ref. [12] and using the OPE technique.
2.2 Non-Gaussianities and the Operator product expansion
The OPE is a very powerful tool to analyze the squeezed limit of the three-point correlator and the
collapsed and squeezed limit of the four-point correlator. These limits are particularly interesting from
the observational point of view because they are associated to the local model of NG (for a review see [1])
which leads to pronounced effects of NG on the clustering of dark matter halos and to strongly scale-
dependent bias [9]. The OPE has been established in perturbative quantum field theories. It is by now
a standard tool in the analysis of gauge theories such as QCD and Wilson’s OPE [23] is the basis of
virtually all calculations of nonperturbative effects in analytical QCD. It is believed that all quantum
field theories with well-behaved ultraviolet behavior have an OPE [23–25].
Let us consider two generic operators σI(~x) and σJ(~y) at the points ~x and ~y on a τ = constant
hypersurface of de Sitter spacetime. Then, we expect that the product of local operators are distances
small compared to the characteristic length of the system should look like a local operator. As a result,
we expect that the product of σI(~x)σJ(~y) of the two operators σI(~x) and σJ(~y), located at nearby points
~x and ~y, will have a short-distance expansion of the form [23]
σI(~x)σJ(~y)
~x→~y∼
∑
n
Cn(~x− ~y; g)On(~y), (2.26)
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where Cn(~x− ~y) are c-number functions (in fact distributions), On local operators and g is the coupling.
Moreover, for Hτ  1 we expect the OPE to respect the symmetries of the de Sitter spacetime realized
non-linearly on the τ = constant hypersurface. Let us briefly summarize the results obtained in Ref. [12].
Let us note immediately that n-point correlators are reduced to calculation of three-point functions
by repeated applications of (2.26). Let us consider the case where O is the field itself, i.e.
σI(~x)σJ(~y)
~x→~y∼
∑
K
CIJK (~x− ~y; g)σK(~y). (2.27)
The n- and (n+ 1)-point functions are given by
g
I1···In+1
n+1 (x1, . . . , xn+1;µ, g) = 〈σI1(x1) · · ·σIn+1(xn+1)〉′, (2.28)
gI1···Inn (x1, . . . , xn;µ, g) = 〈σI1(x1) · · ·σIn(xn)〉′, (2.29)
where µ a mass scale. These correlators satisfy the Callan-Symanzik equation(
µ
∂
∂µ
+ β
∂
∂g
+
∑
I
γI
)
gIi = 0, (i = n, n+ 1), (2.30)
where β is the usual β-function and γI the anomalous dimension of σ
I . Using the OPE expansion (2.27)
one finds immediately that
g
I1...In+1
n+1 =
∑
K
C
InIn+1
K g
I1...In−1K
n . (2.31)
Then, the coefficients of the OPE expansion are also satisfy the Callan-Symanzik equation(
µ
∂
∂µ
+ β
∂
∂g
+ γI + γJ − γK
)
CIJK (x, y;µ, g) = 0. (2.32)
In particular, for a a conformal field theory for which β = 0, dimensional arguments and the fact that
renormalized operators can be chosen such that they do not depend µ lead to
CIJK (x, y; g) =
CIJ(g)
x2wI+2wJ−2wK
, (2.33)
where wI,J,K are the dimensions of the fields σ
I , σJ and σK , respectively. Therefore (2.27) can be written
as
σI(~x)σJ(~y)
~x→~y∼
∑
K
CIJ(g)
|~x− ~y|2wI+2wJ−2wK σ
K(~y). (2.34)
Here CIJ should be understood in a non-perturbative sense. In perturbation theory, it has an expansion
in terms of the coupling(s) g, i.e. for a single field C(g) = c0 + c1g + c2g
2 + · · · . Let us now analyze in
detail the three- and the four-point correlator in various interesting configurations.
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2.3 The three-point correlator in the squeezed limit
If we wish to consider the three-point correlator in the squeezed limit, the configuration in real space is
such that two points, say ~x1 and ~x2 are very close and the third one very far. Let us therefore consider
the OPE expansion for the two fields σI and σJ in the (12) channel at the coincident point
σI(~x1)σ
J(~x2)=
(
CIJ0
x2w12
+
CIJM
xw12
σM (~x2) + · · ·
)
. (2.35)
Here w ' m2/3H2  1, where m is the mass of the fields, is the conformal weight of the fields involved
(remember that the weight of the fields σI and σI must be the same due to the special conformal
symmetry). The three-point correlator in the squeezed limit can be evaluated by employing the OPE as
〈σI(~x1)σJ(~x2)σK(~x3)〉 =
〈(CIJ0
x2w12
+
CIJA
xw12
σA(~x2) + · · ·
)
σK(~x3)
〉
. (2.36)
Using again the orthogonality of the two-point functions, one finds [12]
〈σI(~x1)σJ(~x2)σK(~x3)〉 = C
IJ
A
xw12
〈σA(~x2)σK(~x3)〉 = C
IJK
xw12x
2w
23
(x12 ' 0). (2.37)
Using the expression
1
|~x|w =
Γ(3−w2 )
2wpi3/2Γ(w2 )
∫
d3k |~k|w−3e−i~k·~x, (2.38)
we obtain for an almost scale invariant spectrum w ≈ 0 the Fourier transform of Eq. (2.37)
〈σI~k1σ
J
~k2
σK~k3
〉′ ∼ CIJKP~k1P~k2
[
1 +O
(
k21
k22
)]
, (k1  k2 ∼ k3). (2.39)
The non-universal contribution to the three-point correlator in the squeezed limit has therefore the same
shape of the universal contribution. Its amplitude is model-dependent.
2.4 The four-point correlator in the collapsed limit
If we wish to consider the four-point correlator in the collapsed limit, the configuration in real space is
such that two pairs of points, say ~x1, ~x2 and ~x3, ~x4 are very far from each other. Let us therefore consider
the OPE expansion (2.43) as well as the one for the other (34) channel at the coincident point
σK(~x3)σ
L(~x4)=
(
CKL0 (w)
x2w34
+
CKLM (w)
xw34
σM (~x4)+· · ·
)
. (2.40)
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The four-point function in the collapsed limit
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 (x12 ' 0 and x34 ' 0) (2.41)
can be expressed as
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = C
IJ
0 C
KL
0
x2w12 x
2w
34
+
CIJAC
KL
B
xw12x
w
34
〈σA(~x2)σB(~x4)〉+ · · · , (2.42)
whose Fourier transforms keeping the connected contribution gives
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ ∼ CIJACKLAP~k12P~k2P~k4 + permutations, (~k12 ' ~0). (2.43)
The non-universal contribution to the four-point correlator in the collapsed limit has therefore the same
shape of the universal contribution. Its amplitude is model-dependent.
3 The four-point correlator in the squeezed limit
Let us now consider the four-point correlator in the squeezed limit which was not analyzed in Ref. [12].
We consider three points being close to each other and the fourth very far apart. In other words we
consider the configuration
x14 ≈ x24 ≈ x34  xij , (i, j = 1, 2, 3). (3.1)
The method to characterize the four-point correlation in the squeezed limit is based entirely on the OPE.
As we said, we consider the generic four-point correlator in the squeezed limit in which one of the point
is much far from the remaining three, say ` = x12 ' x23 ' x13  x14. We start by dividing space into
volumes centered around the points ~x1, ~x2 and ~x3. For simplicity we will take all of these volumes to
have the same shape and size R `. We wish to compute the correlator for the smoothed functions
σIR(~xi) =
∫
d3xWR(~x− ~xi)σI(~x), (i = 1, 2, 3), (3.2)
where WR(~x) is a window function selecting a volume of size R. The key point is that the leading term
of the four-point correlator in the squeezed limit can be computed considering the modulation of the
13
three-point correlator inside large volume with size at least ` where long wavelength fluctuation modes
σM` (~x) live (one can imagine to obtain them by smoothing with a window function (1−WR(~x)).
The OPE for the two fields σIR and σ
J
R in the (12) channel at the coincident point is
σIR(~x1)σ
J
R(~x2)=
CIJ0 (w)
x2w12
+
CIJM (w, g, σ
N
` (~x2))
xw12
σMR (~x2) + · · · , (3.3)
where we have made explicit that the coefficients of the expansion depend on coupling constants, denoted
collectively by g and on the long-wavelength mode σN` (~x2) of the field σ
N (~x2). Indeed, this fluctuation is
seen by the remaining three short wavelength fluctuations as a vacuum expectation value and it should
be added to the zero mode σN . Multiplying both sides with σKR (~x3) and since x13 ≈ 0, we get
σIR(~x1)σ
J
R(~x2)σ
K
R (~x3) =
CIJ0 (w)
x2w12
σKR (~x3) +
CIJM (w, g, σ
N
` (~x2))
xw12
σMR (~x2)σ
K
R (~x3) + · · · . (3.4)
We now expand the three-point correlator CIJM (w, g, σ
N
` (~x2)) around σ
N in powers of σN` (~x2) to linear
order
σIR(~x1)σ
J
R(~x2)σ
K
R (~x3) =
CIJ0 (w)
x2w12
σKR (~x3) +
CIJM (w, g, σ
N )
xw12
σMR (~x2)σ
K
R (~x3)
+
∂CIJM (w, g, σ
N )
∂σN
σMR (~x2)σ
K
R (~x3)σ
N
` (~x2)
xw12
+ · · · (3.5)
and by applying the OPE in the (23) channel, we get
σIR(~x1)σ
J
R(~x2)σ
K
R (~x3) =
CIJ0 (w)
x2w12
σKR (~x3) +
CIJM (w, g, σ
N )
xw12
CMK0 (w)
x2w23
+
CIJM (w, g, σ
N )
xw12
CMKP (w, g, σ
N )
xw23
σPR(~x3)
+
∂CIJM (w, g, σ
N )
∂σN
σMR (~x2)σ
K
R (~x3)σ
N
` (~x2)
xw12
+ · · · . (3.6)
If we now multiply the above expression by σL(~x4) and take the expectation value and Fourier transform,
we finally obtain
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ ∼ ∂C
IJ
M
∂σL
C−1NPM P~k4 〈σ
N
~k1
σP~k2
σK~k3
〉′ + CKLM P~k4 〈σ
I
~k1
σJ~k2
σM~k3
〉′, (k4  k1, k2, k3) . (3.7)
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The non-universal four-point correlator (3.7) can be therefore thought as the modulated three-point
correlator in the presence of a long wavelength mode at the linear order and at the quadratic order in
the coupling constants CIJM
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ '
〈
σL~k4
〈σI~k1σ
J
~k2
σK~k3
〉′
σL`
〉
. (3.8)
One can therefore construct first the bispectrum and then replace the (fictitious, if necessary) zero mode
vacuum expectation value, if any, with a long wavelength mode to be contracted to build up the four-
point correlator. In particular, the piece linear in the coupling constant CIJM is similar to the g
un
NL
contribution, while the quadratic piece in the coupling constant CIJM is similar to the τ
un
NL contribution.
One should remember though that the CIJM is not only a tree-level quantity, but it is supposed to
contain informations about all loops.
The modulation effect in Eq. (3.7) does not come as a surprise. Consider the contribution to the
four-point correlator of the comoving curvature perturbation coming from the universal terms in Eq.
(2.4) in the squeezed limit k4  k1, k2, k3
T unζ (
~k1,~k2,~k3,~k4) = (2NIJNKLNMNN +NIJKNLNMNN )P
IL
~k4
(
P JM~k2
PKN~k3
+ 2 permutations
)
(3.9)
and the contribution to the three-point correlator of the comoving curvature perturbation coming from
the universal terms in Eq. (2.3)
Bunζ (
~k1,~k2,~k3) = NINJKNL
(
P IK~k1
P JL~k2
+ 2 permutations
)
. (3.10)
Suppose now that there is long wavelength mode, associated to the fluctuation σM` and to the wavenumber
~k4, which modulates the bispectrum (3.10). This long wavelength mode is added to the zero mode σ
M
from the point of view of the short wavelength modes. One can Taylor expand the derivatives of the
number of e-folds
NI(σ
M + σM` ) ' NI(σM ) +NIM (σM )σM` ,
NIJ(σ
M + σM` ) ' NIJ(σM ) +NIJM (σM )σM` (3.11)
15
and immediately see that the modulation of the three-point correlator in the background of the long
wavelength mode gives Eq. (3.9) in the squeezed limit
T unζ (
~k1,~k2,~k3,~k4) '
〈
σM~k4
Bunζ
(
σM~k4
;~k1,~k2,~k3
)〉
. (3.12)
Notice that by the same argument one can also reproduce the extra contribution to the non-universal
trispectrum in the squeezed limit
T n−unζ (~k1,~k2,~k3,~k4) ⊃ NIJNKNLNM
(
P IK~k1
BJLM~k12~k3~k4
+ 2 permutations
)
(3.13)
which comes from the long wavelength expansion (3.11) of the term Bn−unζ (~k1,~k2,~k3) = NINJNKB
IJK
~k1~k2~k3
.
We would like to stress out at this point that the non-universal contribution to the four-point correlator
(3.7) is not of the same form of the universal one (3.9). Indeed, in the expression (3.7) the bispectrum is
not evaluated in the squeezed limit and therefore it is not generically written as the products of power
spectra. In fact, this is also true for the four-point correlator in the collapsed limit: the expression (2.43)
is value only in the limit ~k12 ' ~0, but is second order in the coupling constants. There might well be
another piece which does not diverge when ~k12 ' ~0, but that is first order in the coupling constant.
Which one dominates clearly depends on the magnitude of such coupling. We will return to this point
in the next subsection.
3.1 A consistency check
To check the validity of the expression (3.8), let us imagine to have only one test field σ(~x) with potential
V (σ) = λσp/p!, with p some positive integer larger than three. Let us also suppose that the light field
has a vacuum expectation value σ which induces an interaction of the form λσσp−1/(p − 1)! (for p = 4
there will be therefore both a trispectrum and a bispectrum). The n-th correlator point is given by
〈σ~k1(τ)σ~k2(τ) · · ·σ~kn(τ)〉 = −i
〈
0
∣∣∣∣∫ τ−∞ dτ ′
[
σ~k1(τ)σ~k2(τ) · · ·σ~kn(τ), V (τ
′)
]
0
∣∣∣∣ 〉. (3.14)
Using the mode functions in de Sitter
σ~k(τ) =
H√
2k3
(1− ikτ) e−ikτ , (3.15)
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one obtains [18]
〈σ~k1σ~k2 · · ·σ~kn〉
′ = V (n)
H2n−4
(
k
(n)
t
)3
Πi2k3i
In(k1, k2, · · · , kn), (3.16)
where k
(n)
t = k1 + k2 + · · · kn, V (n) = dnV (σ)/dσn and
In(k1, k2, · · · , kn) = 2
∫ τend
−∞
dτ
k3t τ
4
Re
[
− i(1− ik1τ) · · · (1− iknτ)eik
(n)
t τ
]
. (3.17)
In the squeezed limit kn  k1, k2, · · · , kn−1 we have knτ  kiτ for (i = 1, . . . , n−1). Hence, we find that
In = In−1 +O
(
kn
k
(n)
t
)
(3.18)
and the expression (3.16) turns out to be
〈σ~k1σ~k2 · · ·σ~kn〉
′ = V (n)
H2n−4
(
k
(n)
t
)3
Πi2k3i
In(k1, k2, · · · , kn)
' V (n)
H2n−4
(
k
(n−1)
t
)3
2k3nΠ
n−1
i 2k
3
i
In−1(k1, k2, · · · , kn−1)
=
V (n)
V (n−1)
H2
2k3n
〈σ~k1σ~k2 · · ·σ~kn−1〉
′
=
V (n)
V (n−1)
P~kn〈σ~k1σ~k2 · · ·σ~kn−1〉
′ (3.19)
In particular, for a potential V (σ) = λσ4/4!, we find that
I3(k1, k2, k3) =
8
9
−
∑
i<j 2kikj(
k
(n)
t
)2 − 13 (γE +Nkt)
∑
i 2k
3
i(
k
(3)
t
)3 ,
I4(k1, k2, k3, k4) =
8
9
−
∑
i<j 2kikj(
k
(n)
t
)2 + 2Πikik4t − 13 (γE +Nkt)
∑
i 2k
3
i(
k
(4)
t
)3 . (3.20)
Here γE is the Euler gamma and Nkt is the number of e-folds from the time the mode kt crosses the
Hubble radius to the time of end of inflation at τend. As a result, the four-point correlator is
〈σ~k1σ~k2σ~k3σ~k4〉
′ = λ
H4
(
k
(4)
t
)3
16 k31 k
3
2 k
3
3 k
3
4
I4(k1, k2, k3, k4), (3.21)
which, in the squeezed limit k4  k1, k2, k3 reduces to
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〈σ~k1σ~k2σ~k3σ~k4〉
′ = λ
H4
(
k
(4)
t
)3
16 k31 k
3
2 k
3
3 k
3
4
I4(k1, k2, k3, k4)
' λ
H4
(
k
(3)
t
)3
16 k31 k
3
2 k
3
3 k
3
4
I3(k1, k2, k3)
=
1
σ
H2
2 k34
〈σ~k1σ~k2σ~k3〉
′
=
P~k4
σ
〈σ~k1σ~k2σ~k3〉
′, (3.22)
and reproduces the expression the first piece of the expression (3.8) since in the example at hand we have
ln CIJ ···K = ln σ+ constant. It is not difficult to see that the same conclusion holds at second order in
the coupling constant CIJ ···K (or λ) by constructing the bispectrum at this order through the interaction
λσσ3 and λσ2σ2, see Fig. 1. From the example described above one can also read the information that
= +
Figure 1: Tree diagrams contributing to the modulation of the three-point function of short
wavelength modes (continues lines) in the background of a long wavelength mode (dashed lines).
the four-point correlator in the squeezed limit is not generically written as the products of power spectra,
as the universal contribution is. Furthermore, at the linear order in the coupling constant λ the four-point
correlator in the collapsed limit does not have the form acquired by the universal piece. This happens
only at the order O(λ2). Which form is the dominate one depends therefore on the value of the coupling
λ.
4 The four-point correlator in the squeezed limit: alter-
native methods
In this section we wish to offer two alternative methods to get the non-universal four-point correlator in
the squeezed limit. They are based both on the the symmetries of de Sitter and on the OPE technique.
18
4.1 First method
The fact that the four-point correlator in the squeezed limit may be obtained from the three-point
correlator can be also suggested by inspection of the general form (2.25) dictated by the symmetries of
de Sitter. Taking the limit of Eq. (3.1), it is easy to see that Eq. (2.25) takes the form
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = 1
x2w14
1
(x12x23x13)2w/3
F IJKL
(
x12
x13
,
x23
x13
)
(4.1)
By Fourier transforming the above expression, we get the factorization
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ ∼ P~k4F˜
IJKL(k14, k2, k3) = P~k4F˜
IJKL(k1, k2, k3), (4.2)
where in the last equality we have used the fact that k4  k1, k2, k3. Then, the function F IJKL depends
on just three momenta and conformal invariance specifies this function to be necessarily proportional to
the three point function. In particular, in order to calculate the proportionality factor in (4.2) one can
make use of the OPEs of the scalar fields. Let us see how this works in a particular model where the
light fields mix through a quartic interaction of the type
Vint ∼ λIJKLσIσJσKσL. (4.3)
The OPE for the two fields σI and σJ in the (12) channel at the coincident point is
σI(~x1)σ
J(~x2)=
CIJ0 (w)
x2w12
+
CIJM (w)
xw12
σM (~x2) + σ
I(~x2)σ
J(~x2) + · · · . (4.4)
Multiplying both sides with σK(~x3) and since x13 ≈ 0, we get
σI(~x1)σ
J(~x2)σ
K(~x3) =
CIJ0 (w)
x2w12
σK(~x3) +
CIJM (w)
xw12
σM (~x2)σ
K(~x3)
+
(
σI(~x2)σ
J(~x2)
)
σK(~x3) + · · · . (4.5)
For the operator OIJ(~x2) = σI(~x2)σJ(~x2) we have the OPE
OIJ(~x2)σK(~x3) = D
IJK
x3w23
+
λIJKL
x2w23
σL(~x3) + · · · (4.6)
as we assume that the operator OIJσK mixes with σL through the quartic interaction. This is due to in
field theory is called mixing of composite operators. By using Eqs. (4.4), (4.20) in Eq. (4.5) we then get
σI(~x1)σ
J(~x2)σ
K(~x3) =
CIJM
xw12
CMK0
xw12x
w
23
+
DIJK
x3w23
+
CIJ0 (w)
x2w12
σK(~x3) (4.7)
+
CIJM
xw12
CMKN (w)
xw23
σN (~x3) +
λIJKN
xw23x
w
13
σN (~x3) · · · , (4.8)
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where for symmetry reasons we have replaced x2w23 with x
w
13x
w
23. Then, it is easy to find that after
multiplying the above OPE with σL(~x4), the connected part of the four-point correlator turns out to be
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = D
IJKL
xw12x
w
23x
2w
34
+ permutations, (4.9)
where
DIJKL = λIJKL + CIJMC
MKL . (4.10)
By Fourier transforming the expression (4.10) we may get the four-point function in momentum space
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ ∼ DIJKLC−1NPM P~k4 〈σ
N
~k1
σP~k2
σM~k34
〉′
∼ DIJKLC−1NPM P~k4 〈σ
N
~k1
σP~k2
σM~k3
〉′, (k4  k1, k2, k3). (4.11)
Therefore, we confirm again that the non-universal contribution to the four-point correlator in the
squeezed limit does not have the shape of the universal contribution.
4.2 Second method: Cardy’s trick
For completeness, let us reproduce the expression (3.7) by making use of the conformal symmetries of de
Sitter. In order to apply the OPE expansion, we need the operators to be at almost coincident points.
In our case, three points are very close and one point is far form the others. So, to make use of the
OPE’s, we should bring the remote point ~x4 very close to the points ~x1,~x2 and ~x3. To do this, we use
the following trick due to Cardy [26]. We use the fact that under the conformal inversion around an
arbitrary point ~x0, the conformal inversion (2.15) becomes
~x′ =
~x− ~x0
|~x− ~x0|2 . (4.12)
In other words, if the point ~x4 is very far from the point ~x0, then under conformal inversion it becomes
very close to it. Under the conformal inversion the four-point correlator transforms as
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = 〈σ
I(~x′1)σJ(~x′2)σK(~x′3)σL(~x′4)〉
|~x1 − ~x0|2w|~x2 − ~x0|2w|~x3 − ~x0|2w|~x4 − ~x0|2w . (4.13)
In our case, we may do a conformal inversion about the point ~x0 ≡ ~x3. Then, the point ~x3 will remain
invariant (~x′3 = ~x3) and the point ~x4 will come close to ~x3 as x′34 = 1/x34 → 0. All other distances will
be clearly larger that x′34. Thus, we may use the OPE
σK(~x3)σ
L(~x′4) =
δKL
x
′2w
34
+
CKLM (g)
x
′w
34
σM (~x3) + σ
K(~x3)σ
L(~x3) · · · , (4.14)
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where by g we again denote collectively the couplings. We get therefore from the linear term in the above
OPE the connected part
〈σI(~x′1)σJ(~x′2)σK(~x3)σL(~x′4)〉 =
CKLM
x
′w
34
〈σI(~x′1)σJ(~x′2)σM (~x3)〉
|~x1 − ~x0|2w|~x2 − ~x0|2w|~x3 − ~x0|2w|~x4 − ~x0|2w . (4.15)
Now, we go back to the original configuration by doing again a second conformal inversion about the ~x3
point. Since the conformal inversion will cancel three terms of the product in Eq. (4.13), we get
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 = C
KLM
xw34
〈σI(~x1)σJ(~x2)σM (~x3)〉. (4.16)
By Fourier transforming the above expression we finally obtain the second piece of Eq. (3.7)
〈σI~k1σ
J
~k2
σK~k3
σL~k4
〉′ ⊃ CKLMP~k4〈σ
I
~k1
σJ~k2
σM~k4
〉′, (k4  k1, k2, k3). (4.17)
We should stress again that CKLM should be understood in a non-perturbative sense and have a pertur-
bative expansion in the coupling constants g, of the form CIJK(g) =
∑
n c
IJK
n g
n.
In fact, it is easy to generalize the above discussion to the general n-point function in the squeezed
limit. A simple induction of the above leads to
〈σI~k1σ
J
~k2
· · ·σK~kn−1σ
L
~kn
〉′ ⊃ CKLMP~kn〈σ
I
~k1
σJ~k2
· · ·σM~kn−1〉
′, (kn  k1, k2, · · · , kn−1). (4.18)
The first piece of Eq. (3.7) emerges from the quadratic term of the OPE in Eq. (4.14). Indeed, this term
gives a contribution of the form
〈σI(~x′1)σJ(~x′2)σK(~x3)σL(~x′4)〉 ⊃
〈σI(~x′1)σJ(~x′2)σK(~x3)σL(~x3)〉
|~x1 − ~x0|2w|~x2 − ~x0|2w|~x3 − ~x0|2w|~x4 − ~x0|2w . (4.19)
For the operator OKL(~x3) = σK(~x3)σL(~x3) we have the OPE
OKL(~x3)σJ(~x′2) =
DIJK
|~x′2 − ~x3|3w
+
λIJKL
|~x′2 − ~x3|2w
σL(~x3) + · · · (4.20)
where we assume again that OKLσJ mixes with σL through the quartic interaction (4.3). Repeating the
steps above and after an inverse conformal inversion we get
〈σI(~x1)σJ(~x2)σK(~x3)σL(~x4)〉 ⊃ λ
IJKL
xw12x
w
23x
2w
34
+ permutations, (4.21)
Therefore the total four-point correlator (3.7) may be written after Fourier transforming as in Eq. (4.11)
where DIJKL is given by Eq. (4.10).
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5 On the non-universal contributions to NG
Having established the form of the non-universal three- and four-point correlator in the squeezed limit, we
now focus our attention on their magnitude. We already pointed out that the non-universal contributions
can be the dominant ones. For practical purposes, let us consider the squeezed limit of the three-point
correlator in a V (σ) = λσ4/4! model
〈σ~k1σ~k2σ~k3〉
′ ' −2
3
λσ
H2
Nkt P~k1P~k2 , (k1  k2 ∼ k3). (5.1)
The corresponding contribution to the three-point correlator of the comoving curvature perturbation is
〈ζ~k1ζ~k2ζ~k3〉
′ ' − 2
3N ′
λσ
H2
Nkt P
ζ
~k1
P ζ~k2
, (k1  k2 ∼ k3) (5.2)
leading to a non-universal contribution to the nonlinear parameter fNL given by
fn−unNL ' −
5
18N ′
λσ
H2
Nkt = −
5
36pi
λσ
H
Nkt
P1/2ζ
' −5
√
2λ
36pi
m(σ)
H
Nkt
P1/2ζ
' −65
(
λ
10−2
)1/2(m(σ)/H
10−2
)(
Nkt
50
)
,
(5.3)
where we have defined the quantity Pζ = (k3/2pi2)P ζ~k = N
′2(H/2pi)2 ' 2.3·10−9 and the (field dependent)
Higgs mass m(σ)2 = λσ2/2. Analogously we find
gn−unNL ' −
25
54 · 3N ′2
λ
H2
Nkt = −
25λ
54 · 3(2pi)2
Nkt
Pζ ' −10
6
(
λ
10−2
)(
Nkt
50
)
. (5.4)
We see that the nonlinearities generated by the non-universal pieces can be substantial, confirming
previous findings [17–20]. Furthermore, we also deduce that it is quite simple to have models in which
gNL >∼ f2NL (in absolute values), a simple λσ4 model will do it as long as H/σ >∼
√
λ.
6 Conclusions
In this paper we have made use of the OPE technique and, partly, of the symmetries of the de Sitter
epoch, to characterize the NG four-point correlator of the curvature perturbation in multifield inflation.
In particular we have pointed out that
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• The contribution to the squeezed limit of the four-point correlator coming from the intrinsic NG of
the light fields at horizon crossing (which we dubbed non-universal) can be larger than the super-
horizon contributions (we dubbed them universal) generated even if the light fields are gaussian.
• The shape of the non-universal contribution to the squeezed limit of the four-point correlator can be
expressed in terms of the three-point correlator. Nevertheless, in general the shapes of the universal
and non-universal contributions are different as the three-point correlator is note evaluated in the
squeezed limit.
Therefore, particular care needs to be taken when studying the effects of the primordial NG on real
observables, e.g. the scale dependence of the local halo bias in the presence of NG, as the squeezed limit
of the four-point correlator is not expressible in terms of products of power spectra. The consequences
of our findings will be investigated elsewhere.
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